Introduction
The clasp is the principal retainer that holds and stabilizes removable partial dentures and an adequate retaining force that does not give an excessive load to the abutment teeth is required. This necessitates a knowledge of not merely the mechanical but also the elastic properties of the alloy with which the clasp is to be made [1] . However, it appears that so far very few studies have been done on this subject.
The authors, therefore, attempted a comparative study of the elastic properties of some of the most commonly used alloys, gold alloy (ADAS Type IV), gold-silverpalladium alloy and chromium-cobalt alloy.
Materials and Methods

Materials
The alloys used in the experiments are shown in Table 1 . Each of the alloys will be represented hereafter by the code names given in the same table.
Preparation of test specimens
Casting products in the shape described in Fig. 1 were prepared. They were to be used as test specimens. The investments used for this purpose are given in Table 2 . Phosphate-bonded investments were used for casting TI and plaster-bonded ones for casting PG and PD.
Casting was performed with a high-frequency pressure-suction casting machinea under the conditions shown in Table 3 . The amount of molten alloy at the time of casting was set at 20 g.
PG and PD were subjected to the following kinds of heat treatment: Table 2 Investments used 2.3 The method advocated by IKEDA et al. [1] was followed in this series of experiments. First, a strain gageb was fixed on to the surface of each specimen using an adhesive agent' (Fig. 2 ) and then the specimens were attached to an autographd for the purpose of recording the results of the tensile test performed under the following conditions: a load cell of 2 tons, a crosshead speed of 1 mm/min. and a chart speed of 200 mm/min. In addition, the strain gage was connected to a dynamic strain amplifiere through a bridge box for the purpose of measuring longitudinal strain. The results were recorded on an electromagnetic oscillograph.f Tensile strength and elongation were determined on the basis of the results of the tensile test. Furthermore, the authors attempted to seek, from the stressstrain curves derived from the measurements, the proportional limit, the elastic modulus and the elastic energy modulus.
3 Results Table 4 and Figs. 3 to 7 show the values of tensile strength, elongation, proportional limit, elastic modulus and elastic energy modulus. The results were compared and examined using, as a standard, age-hardened ADAS Type IV gold alloy (PG-h) [1, 2] commonly regarded as the best material for cast clasps. as strong as PG-h. With regard to the effects of heat treatment, age hardening treatment brought about a considerable increase as compared with solution treatment: an increase of about 42% in the PG and an increase of about 45% in the PD. 2. Elongation (Fig. 4) The elongation values placed the alloys in the order of TI was about 1/2 and PD-h was about 1/5 the value of PG-h. Regarding the effects of heat treatment, age hardening treatment led to a decrease in value as compared with solution treatment: about 59% in the PG and about 71 % in the PD. Regarding the effects of heat treatment, age hardening treatment brought about an increase as compared with solution treatment: an increase of about 60% in the PG and about 32% in the PD. 4. Elastic modulus (Fig. 6) The values of the elastic modulus placed the alloys in the order TI was about 1.9 times the value of PG-h but no significant changes were observed between PD-h and PG-h.
No effects of heat treatment were noted and both PG and PD showed almost similar values. 5. Elastic energy modulus (Fig. 7) With respect to the elastic energy modulus the alloys were placed in the order TI showed a value of 87% of that of PG-h. The effects of heat treatment indicated that age hardening treatment led to an increase as compared with solution treatment: an increase of 130% in the PG and 53% in the PD. 6. Stress-strain curves (Fig. 8) TI was the highest in the elastic modulus. Its curve rose more sharply than any other alloy but suddenly slackened its rise after passing the proportional limit, The curves of both the PG-h and PD-h rose almost identically at first but a notable difference was recorded after passing the proportional limit. The PD-h curve maintained a fairly sharp rise even after passing the limit, indicating a smaller increase ratio in strain.
In contrast, the PG-h curve slackened its rise to a remarkable degree after passing the proportional limit, showing a tendency almost similar to TI. modulus bears a close relationship to the retaining force of the clasp and that its retaining force is almost in proportion to the elastic modulus when clasps are identical in shape [2] . This suggests that TI will display a retaining force about 1.9 times greater than PG-h when both TI and PG-h are used on the same undercut tooth. However, in view of the effects of the removal or insertion of a clasp on a tooth, a strong resistance to bending forces leads to poor elasticity. Furthermore, it is presumed that an excess in the elastic modulus will result in an excessive load on the abutment tooth, suggestive of its undesirability for the protection of abutment teeth. This necessitates alterations in the length and thickness of the clasp arm when an alloy with high elasticity is to be used for a clasp [1] . Therefore, the authors attempted to seek a radius required for TI's flexural rigidity to equal that of ADAS Type IV gold alloy (PG-h) which is recorded as the best material for cast clasps. Assuming that the arm of the clasp is semi-columnar, the adequate radius for TI will be determined by :
where:
E:
Elastic modulus of PG-h E' : Elastic modulus of TI of PG-h is the answer. From this it is recommended that when using TI for clasps the clasp arm should be made thinner than in the case of PG-h.
On the other hand, it is imperative that any alloy for clasps should be able to do a large amount of work in the clasp itself when an external force is applied up to the proportional limit. In other words, it is required to have higher modulus of elastic energy. It is maintained that the higher the modulus of elastic energy the less frequently permanent deformation will occur at the time of clasp insertion or removal.
In the elastic energy modulus PD-h recorded the highest values, exceeding the value of TI.
Effects of heat treatment
The effects of heat treatment on the tensile strength and elongation of PG and PD are a matter of common knowledge. So little, however, has been reported on their elastic properties that the authors attempted, in this study, to find out the possible effects of heat treatment on the proportional limit, the elastic modulus and the elastic energy modulus.
With regard to the proportional limit and the elastic energy modulus, age hardening treatment yielded higher values than solution treatment but in the elastic modulus no significant differences were observed. Thus, it was proven that age hardening treatment was effective in enhancing the alloy's resistance to plastic deformation without losing its elasticity.
5 Conclusions 1. As to the proportional limit, TI yielded a value 1.2-1.3 times higher than PD-h and PG-h.
2. In the elastic modulus the alloys under study were placed in the order 3. Regarding the elastic energy modulus they were in the order 4. As a result of calculations the radius required for TI to acquire flexural rigidity equal to that of PG-h was found to be approximately of PG-h.
5. Both in the proportional limit and elastic energy modulus, the alloys subjected to age hardening treatment showed higher values than those subjected to solution treatment. In the elastic modulus, however, no significant differences were observed between the two.
